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Pilot Design for OFDM SY«t^mfe '■yith Four TraP «^»* AwteimaR 

For an OFDMA system it contains two types of pilot signals 

• Scattered pilot 

• Preamble pilot 

We present novel pilot structure for 4x4 MIMO OFDM system. 

1 . PART-1 SCATTERED PILOT 
1.1 BACKGROUND 

New applications of mobile communications demand high-speed and high-quality, 
bandwidth-efficient wireless access solutions. The application of MIMO (multiple antennas 
both in the transmitter and in the receiver) has been demonstrated to drastically improve the 
channel capacity compared to single-antenna systems. On the ottier hand, OFDM has 
demonstrated its high spectral efficiency and ability to deal with frequency selective fading 
and narrow band interference. Therefore the combination of OFDM with spectral efficient 
multiple antenna techniques open the door to higb data-rate wireless conraiunication. 
Compared with the single input single output (SISO) systems, two kinds of gains arc 
provided by the MIMO wireless systems, the diversity gain and the multiplexing gain. With 
diversity gain more reliable reception can be realized. With multiplexing gain the capacity of 
MIMO systems increases linearly with the number of transmit and receive antennas, lliis is 
due to the fact that a rich scattering environment can provide multiple data pipes witiiin ttie 
same frequency band by using techniques such as space-time coding and space-time layering. 
Since tiie capacity can be potentially increased by the application of multi-antenna, the use of 
up to 4 antennas at the transmitter and/or receiver has been considered to achieve die 
increased data rate for a given link performance criterion, or tiie improve link performance 
for a given data rate. 

For wireless propagation environment, die inherent temporal and spatial variations ot 
wireless channels impose more chaUengea on tiie desig?i of a reliable communication system. 
For noise and interference limited systems coherent demodulation can achieve 2.5-3 dB SNR 
gain compared to the differential demodulation. When coherent detection is performed m Rx, 
reliable channel estimation is very important to the system performance. Channel estimation 
in MIMO system is more complicated because multiple channels should be obtained 
individually. Besides as the number of transmit antennas increases, die sensitivity to the 
channel response estimation error is more pronounced. 

Pilot assisted channel parameter estimator is a common channel estimation approach. In this 
contribution, we propose tiie training signal designs for different propagation environments, 
especially for OFDM systems with four transmit antennas. 



1.2 PRIOR ART ™ onoii / 

OFDM modulation has been adapted by several standards, such as DVB-T, IEEE802.11a/g 
and IEEE802.16a. Different training schemes have been employed in tiiese standards, 
including preamble, fixed-location pilot and variable-location pilot Howevw MIMO is not 
mandatory and is only adapted by IEEE802.16a as optional where only two tr ^snu t antennas 
on die BS side and one receive anteima on the SS side are applied. Since IEEE802.16a is 
designed for fixed and portable applications, die channel varies slowly. For WirelessMan 
OFDM air-interface, the channel estimation is obtained from the preambles. For 
WirelessMan OFDMA air-interface, aldiough variable location pilots are introduced, tiiey are 
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only used to update channel slowly. Figure 1. and Fi 
WiielessMAN-OFDM and WirelessMAN-OFDMA. 

HeaiSer Symbol 



2 give the pilot locations for 




0 



Hxed Location Pilot 



Figure 1 SISO OFDM pilot structure 
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Figure! NOMO OFDMA pilot structure 

Nortel has proposed more optimal pilot design for mobile MIMO-OFDM system with two 
transnut antennas. The key features in this scheme are: 

• Pair-wise pilot sub-carriers corresponding to different transmit antennas are STTD 
coded, as shown in figure 3- In this way, the orthogonality between the pilots assigned 
to <fiffeient transmit ant^mas are kept Hie advantages of this design is that channel 
response estmxated ftom STTD coded pilot pair reflects the. avwaged channel 
condition of two OFDM symbol duration. 

• The diamond pattern of scattered pilots allows the simple and fast channel 
inteipolation which can track the fast channel of tlie channel. 

' ' PagedoflO 
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• The reuse of diffeiential STC encoded TPS channel reduces the pilot overhead. 

For 4x4 MIMO-OFDM system operating in TDD mode across very broad bandwidth 
(license-exempt band), die old designs have some limitations: 

• More efficient pilot pattern is required because 4x4 channel estimation needs doubled 
pilot resource compared with 2x2 systems. 

• To support Tn slot based TDD switching, TTI slot based channel estimation scheme 
is required. 

• The increased sub-carrier separation caused by the bandwiddi increase means higher 
pilot density is needed along frequency direction ^^imi^n 



32 
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Traffic 

Scattered Pilot Frequency 



Figure 3 2it2 MIMO pilot structure' 




1.3 EMBODIMENT i 

Coherent detection is required to achieve Wgli spectrum efficiency. Pilot assisted chann^ 
estimation is a widely applied approach to measure Ae change of the axnpUtude and phase of 
the transmitted signals caused by the corruption of the radio channeL 

For pilot-assisted channel estimation die known training symbols are multiplexed into the 
data stream at certain sub-channels (sub-cairim) and certain times. Hie receiver interpolates 
the channel information derived from die pilot symbols and obtains the channel estimates for 
the data symbols. 

However, the training symbols introduce die overhead. For die channel with both frequency 
and time dispersion. pUots have to be inswted both in frequency and time direction. Hie 
spacing between pilots in time direction is determined by the maximum Doppler frequency, 
while die spacing between pilots in the frequency direction is determhied by flie delay spread 
of the multi-paUi fading. For broadband mobile access appUcation, die channel should be 
updated more fiequentiy bodi in frequency direction and in time direction in order to obtain 
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the correct channel responses across the while bandwidth during the whole transmission 
period. The hi^ frequency and time dispersions demand denser pilot grid, which means 
more overhead is needed. Compared to SISO systems, four times more pilot symbols are 
required for 4x4 MIMO systems. 

Moreover TDD deployment put further limitation to the design of the pilot pattern, lo 
support slot-based TDD switching, channel estimation processing should be performed slot 
by slot, i.e. the channel responses should be calculated only based on the pilot symbols in the 
current slot 

Figure 4 shows an example of the proposed design. The main ideas are descnbed as bellows: 

• Four antennas are separated into two groups, for example Antennas 1&3 as group 1 
and Antennas 2&4 as group 2. 

• Two sets of the scattered pilots are introduced for each group. 

> No overlap between two pilot sets in time and frequency 

• The pilot positions are kept identical from even to odd OFDM symbols. 

> Space-time-block-coding (STBC) block may be applied on each pilot pairs 

■ Double STTD, OTD-STTD 

> The scattered pilot pairs shifted every two OFDM symbols (one STBC block) 
repeating every 6 OFDM symbols (duee STOC blocks) 

• TPS symbols are reused to reduce the pilot overhead.. , 

> STBC applied on TPS symbols 

> TPS symbols decoded coherentty with die help of the adjacent pilots 

> Re-encoded TPS symbols served as pilots in the detection of die data symbols 
Simple and fast channel estimation may be done based on the above pilots. 

• Extract die received frequency domain data located at die pilot and TPS sub-carriers 
corresponding to each pilot set respectively 

• Calculate die channel responses for two transmit antennas in each antenna group 
based on die received pilot data and die known sequences transmitted by pilot sub- 
carriers and die re-encoded TPS 

• Buffer all channel responses within one slot , " u 

• Obtain die channel responses of sub^arriers-located-at dieisame.position as pilots by . • 
linear interpolator in time direction 

• Obtain die channel responses of die data sub-carriers at die boundaries (mclu<hng 
diose at die first and last sub-carriers in each OFDM ^bol and on die first and last 
OFDM symbols in each slot) by repeating die channel responses of die adjacent pUots 

• Apply simple 1-D interpolation, for example Cubic Lagrange interpolator, to 
reconstruct the entire channels - * j u 

If multiple TDD slots assigned to DL, channel estimation performance may be impeded by 
applying die pUotste-encoded TPSs in die last two BLAST blocks in die previous TDD slot 
and/or die fhst two BLAST blocks in die next TDD slot, to assist die channel response 
interpolation for die current slot. 
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Slot 2 




©Data J' Pilot Pair for Antenna 1&3 f Pilot Palrfor Antenna 2&4 
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Figure 4 4x4 MIMO i^ot structure 
It Should be noticed, that several other scattered pilot patterns can also be used in this 
invention. Figures 5, 6, 7, 8 are examples. 
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Figure 5 
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® Data I 



Pilot Pair tor Antenna 1M J P»ot Pair tor Antenna 2&4 

Figure 6 




® Data J Pilot Pair for Antenna 1&3 ^ Pilot PaUp lor Antenna 2*4 

Figure? 
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@ Data 



Pilot Pair for Antenna 1 



Pilot Pair for Antenna 2 



Pilot Pair for Antenna 3 O P"®* P®*"" Antenna 4 

Figures 



1.4 SUMMARY OF ADVANTAGES „ , ^ 

. Efficient scattered pilot pattern reduces the pilot oveihead. especially for transmit 
systems with four transmit antennas 

• Slot by slot channel reqjonse interpolation supports flexible TOD UL ana 

partition* j u 

• Slot by slot channel icsponse estiniation,rc4)ices the buffering requirement and the 

processing delay, 

• Unique fast signaling channel allows the extraction of TPS every TH slot 

• Fast signaling channel reuse further reduces the pUot overhead 

• Support broad band high-speed mobile access 



2. PART-2 PREAMBLE PILOT 



Preamble is transmitted at the beginning of the DL transmission in each frame. T^e pre^ible 
consists of two identical header symbols, the time domain structure of the preamble is shown 
in Figure 5. • * 
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Two identical 
sequences 

FigpireS 

It is desirable that the antennas the transmissions from different antennas is orthogonal, to 
achieve better performance of initial system access, synchronizations, base station 
identification and selection, chaimel estimation 

2.1 Two modulaiion scheme for preamble 

2.1.1 Scheme 1 

• Separate 4 antennas into two groups 

• SFBC (space-ftequency block coding) is applied to-each group • 

• For slow frequency selective fading channel 

• Two head symbols are identical 

The preamble structure^ schem-1 is shown in Figure 6 



SFBC (antennas 1 &2) - 




. «... . _ . i.. . 

m * 

SFBC (antennas 

Figure 6 Preamble structure - (1) 
Tlie preamble specific PN sequence mapping is as follows: 

Transmit sequence ^m antenna 1: 

PN(1), -PN(2)*, PN(5), -PN(6)* PN(N-3), -PN(N-2)* 

Transmit sequence from antenna 2: 

PN(2). PN(1)*. PN(6), PN(5)* PN(N-2), PN(N-3)* 

'Dransmit sequence from antenna 3: 

PN(3). -PN(4)*, PN(7). -PN(8)* PN(N-1), -PN(N)* 

Transmit sequence from antenna 4: 

PN(4). PN(3)* PN(8), PN(7)*, PN(N). PN(N-1)* 

PN sequence is cell specific code (rcil or complex) and N is the number of useful sub-carrier 
in header symboL 
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2.12 Scheme 2 

• Each antenna modulate every four sub-carriers 

• Two head symbols are identical 

Channel infommtion obtained from preamble can be used for coherent detection of the next 
OFDM symbol used for broadcasting channel 

The preamble structure schem-1 is shown in Figure 7 




Identical 



Antenna 1 O Antenna 2 ^ Antenna 3 Q ^^^^ 

^gure? Preamble structure -(2) 
The preamble specific PN sequence mapping is as follows: 

Transmit sequence from antenna 1 : 

PN(1). PN(5), , PN(N-3) 

Transmit sequence from antenna 2: 

PN(2), PN(6) • PN(N-2) 

Transmit sequence from antenna 3: 

PN(3), PN(7) , PN(N-1) 

Transmit sequence from antenna 4: 

PN(4), PN(8), ..PN(N) 

PN sequence is cell specific code (leal or complex) and N is the number of useful sub-carrier 
in head^ symbol. 

2.2 SUMMARY OF ADVANTAGES 

• Support OFDM system widi four transmit antennas 

• The orthorgonality between different antennas allows channel estfanation for multiple 

transmit antennas ^ 

• Allow fast system access, timing/frequency synchronization and base station 

identification/selection 
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